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RESEARCH MEMORANDUM

THE EFFECT OF MOMENT-OF-ARFA-RULE MODIFICATIONS ON THE
ZERO-LIFT DRAG OF THREE WING-BODY COMBINATIONS

By Robert R. Dickey
SUMMARY

An experimental investlgation was made to determine the effect on
drag of spplying the moment-of-aregs-rule modifications described in NACA
RM AS4LJ19 to wing-body combinations with various wing plan forms. The
effect of mounting air-to-air type missiles on the wing-mounted bodies
of revolution which are part of the moment-of-area-rule modification was
also investigated. Wing-body combinations with unswept, sweptback, and
triangular plan-form wings having an aspect ratio of 3 and a thickness
ratio of 0.03 were employed in the investigation. The zero-1ift drag of
the moment-of-area-rule configurations was measured and compared with the
drag of the corresponding basic wing-body cambinstions at Mach numbers
from 0.6 to 1l.k.

At transonic speeds, the moment-of-area-rule modifications provided
reductions in the total drag as well as the wave drag for all three wing-
body combinations. Although the actual amount of drag reduction wss
greater for the unswept configuration than it was for the sweptback and
triangular configurations, on a percentage basis all three plan forms had
approximately 15-percent-less total drag at a Mach number of 1.0 than the
corresponding unmodified configuration. At the higher supersonlic Mach
numbers, the moment-of-area~rule modifications resulted in wave-drag
Increases for all three wlngs. Because of the additionsl surface srea
of the auxiliary bodles, the modiflcations alsc resulted in increases in
skin-friction drag.

The method of carrying missiles by mounting them on the moment-of-
area-rule pods provided substantial drag reductions when compared to con-
ventional under-the-wing installations. The drag resulting from mounting
the four air-to-air type missiles on the pods was in most cases less than
the drag of four isolated missiles; whereas, for the conventional instal-
lation, the drag due to the addition of the missiles was spproximstely
twice that of four isoclated missiles.
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INTRODUCTION

A method for reducing the wave drag of wing-body combinations which
not only gives low drag at sonic speed but also extends the reglon of
low drag to higher Mach numbers was introduced in reference 1. This method
which 1s called the "moment-of-ares rule" differs from the "transoniec ares
rule" (ref. 2) in that, in addition to the longitudinal distribution of
cross-sectional area, 1t also considers the distribution of the moments
of area taken about the vertical plane of symmetry. The optimum distri-
butions of the moments of area for s wing-body configurstion are obtained
by adding auxiliary bodies of revolution to the wing. For low wave drag
near a Mach number of 1.0, these wing-mounted bodies or pods are contoured
and positioned in such & wgy that the second moment of area or the moment
of inertla sbout the vertical plane of symmetry of the combined wing and
pods has a emooth distribution of hlgh fineness ratio. The optimum dis-
tribution of area is obtained by indenting the body to compensate for the
cross~sectional areas of the pods as well a8 the wings so that the
resultant total distribution of area 1s smooth.

Availsble experimental date on the results of applying the moment-
of-area rule to wing-body combinatione have thus far been limited to
those published in references 1, 3, and 4. Reference 1 shows that,large
reductions in wave drag were obtained at transonic speeds by modifying -
an aspect~ratio-2 elliptic plan-form wing and body combination asccording
to the moment-of-area rule. Reference 3 shows that missile installation
drags can be reduced by moment-~of-area-rule modiflcatlons that consider
the missiles as part of the wing pods even when such mcdifications
increase the total volume of the configuration. Although the moment-of-
area rule was not applied in designing the aspect-ratio-3 straight-wing
configurations of reference L4, it was used to explain the relative drag
rises of two models designed to have the same average area distribution
at Mach number 1.41. The configuration with the better distribution of
the second moment of area (model with contoured nacelles) had lower wave
drag at all Mach numbers,

The primasry purpose of the present investigetion was to determine
the drag reductions that could be cbtained by applying the moment-of-ares
rule (without changing the total volume) to wing-body combinations having
wing plen forms that are typical of current design practice., The moment-
of-area-rule configurations were designed toc have optimm ares snd second-
moment-of~area distributions for low wave drag near a Mach number of 1.0.
A secondary obJjective was to investigste the use of the moment-of-area-
rule pods as supports for carrying misailes when the missiles are not
considered to be part of the moment-of-area-rule design and therefore
cause deviations from the optimumm transonic area distribution. Identicel
missiles and plan forms were tested in reference 3 with moment-of-area-
rule modifications that did imclude the mlssiles in the design. However,
in the case of reference 3, smooth distributions of ares were obtained by
adding volume to the sides of the models in the form of localized gloves.
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The zero-lift drag of wing-body and wing-body-missile combinstions
was measured for configurations with unswept, sweptback, and triangular
plan-form wings at Mach nmumbers from 0.6 to 1.4, A constant Reynolds
nurber of 1.5 million based on the mean serodynsmic chords of the wings
was maintained throughout the Mach number range.

NOTATTION
A aspect ratio
163)) -foredrag coefficient based on wing ares
CDf friction-drag coefficient
CDy wave-drag coefficient, Cp -~ Cpe
ACDW incremental wave-drag coefficilent, of total

configuration minus Cp, of basic body alone

ACDmi 1L additional weve-drag coefficient due to missiles, CDW of
S8S8  totel configuration with four missiles mimus Cp, ' of
total configuration

1 length of wing pods
M Mach number
M, (0) maximm velue of second moment of area
M, (x) longitudinal distribution of the second moment of area
x Jongitudinal distance measured from midpoint of wing pod
B speed parsmeter, NMZ -1
T meximm thickness ratio of wing

APPARATUS

Models

The basic wing-body combinations were comprised of a cut-off Seers-
Haack body and sn aspect-ratlo-3 wing with elther an unswept, a sweptback,
or a triangular plan form. The unswept wing had 6LAOO3 airfoil sections,
whereas the sweptback and trisngular wings had NACA 0003 airfoil

o—
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sections. Modified versions of the three basic configurations were
cbtained by adding pods to the wings and contouring the bodles in accord-
ance with the moment-of-area rule of reference 1. The same total volume
was maintained for both the basic and modified configurstions. The gen-
eral arrangement and pertinent dimensions of the three basic configura-
tions and the moment-of-area~rule modifications are shown in figure 1.
Tables I and IT give the coordinates of the bodies and pods, respectively.

The distributions of area and second moment of area for the basic
and modified models are shown in figure 2. Note that the bodies of the
moment-of-area-rule models before indentation were slightly larger in
dlameter than the basic body. The second moment of area of the body is
small compared to that of the wing and therefore has been neglected. It
may be seen that the additions of the wing pods had the effect of greatly
increasing the fineness ratio of the second-moment-of-ares distributions.

For the moment-of-areas-rule configurations of this investigation,
the wing pods were shapes such that the second moment of ares of the wing
plus pods had a Sears-Haack body‘(minimumédrag body for given volume and
length) type of distribution, as in reference 3; that 1is,

Mp(x) = Mz(o)[l"<% ]3/2

This differs from the distribution that was used in reference 1 where

o) = %00 2 - (5 | e

The Sears-Haack type of distributlon results in a low-drag pod with a
more practlcal nose shape which is not cusped.

For the investligatlon of the use of the moment-of~area-rule pods as
supports for missiles, four models of a typical air-to-air type missile
were mounted on the pods as shown in figure 3. The addition of the mis-
siles caused the distributions of area and second moment of area to devi-
ate from their previously optimum (for transonic speeds) shapes as may
be seen in Pigmre k. :

Wind Tunnel and Equipment

The models were tested in the Ames 2~ by 2~foot transonic wind
tunnel. This tunnel is of the closed-clrcuit, varisble-pressure type
and 18 equipped with a flexible nozzle and ventilated test section which
rermites continuous choke-free operation from O to 1.4 Mach number. A

o
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complete description of this wind tunnel mey be found in reference 3.

The forces acting on the models were measured by means of a flexure-type,
strain-gage balance which was mounted within the bodies of the models.
The models were supported in the wind tunnel by a l-inch-diameter sting
Suppor‘b. . . - . ..

TESTS AND CORRECTIONS

The drag of the various models wes measured at zero angle of attack
for Mach numbers from 0.6 to 1l.k. A constant Reynolds number of 1.5 mil-
lion based on the mean aerodynsmic chords of the wings was maintained
throughout the Mach number range by varying the tunnel stagnation pres-
sure. In order to obtain a turbulent boundary layer over the entire
surface of the models snd thus permit the evaluatlon of friction drag
with a minimm degree of uncertainty, carborundum strips (mean grit
height approximately 0.001 inch) were placed near the leading edges of
the wings and on the noses of the bodles. The additional wave drag
caused by the carborundum strips is believed to be small and should not
affect the relative drag levels of the various configurations.

No corrections have been spplied to the dats for wall-interference
effects since reference 5 indicates that for the size of models employed
during the present investigation (blockage ratios of approximately
0.5 percent) the effects would be small. Corrections for air-stream
angularity and longitudinal pressure gradient were also small and have
been neglected. The measured drag of all models was adjusted to corre-
spond to a condition of free-stream static pressure acting at the blunt
base of the bodies; therefore, the drag coefficients presented in this
report represent the foredrag of the models.

In sddition to the small systemstic errors which may be introduced
by neglecting the wind-tunnel corrections, the test data are subject to
random errors of measurement. An estimate of the meximm inaccursacies
due to limitetions in the balance and recording eguipment and the average
repeatability of the data indicate that the precision of the drag
coefficients is spproximstely +0.0003.

RESULTS AND DISCUSSION

Effect of Moment-of-Area-Rule Modificatlions

The zero-lift drag coefficients of the moment-of-area-rule configu-
rations, the basic wing-body combinations, and the basic body alone are
shown plotted versus Mach number in figure 5. The data for the basic
wing-body cambinations were tsken from reference 3. Compared to the

.



6 L NACA RM A58A31

basic wing-body combinations, the moment-of-area-rule conflgurations had
lower drags at transonic speeds and higher drag-divergence Mach numbers;
however, at subsonic speeds and also at the higher supersonic Mach num-
bers, the moment-of-srea-rule modifications resulted in increased drag.
The maximum reduction in drag coefficient.resuliing from the moment-of-
area~rule modifications was greater and extended over a greater Mach num-
ber range for the unswept plen form than for the sweptback or trianguiar
plan forms. On a percemtage basls, the moment-of-area-rule configurations
with unswept, sweptback, and triangular plan-form wings had maximm drag
reductions of approximately 18, 12, and 13 percent, respectively. It
should be pointed out that the percentage reductions obtained near Mach
number 1,0 would be considerably less if the moment-of-area-rule configu-
rations were compared with transconic-srea<~rule configuratlions instead of
the baslec wing~body combinations.

Because of the additional surface area of the wing-mounted pods, the
moment-of-~area-rule configurations would be expected to have increased
skin friction at ell Mach numbers. This increase in friction drag
accounts for the higher drag of the moment-of-area-rule configuretions
at subsonic speeds. At a Reynolds number representative of a full-scale
airplsne (e.g., Reynolds number of 30 million), the increased friction
drag for the moment-of~ares~rule configurations at subsonic speeds would
be expected to be less than that indicated by these wind-tunnel tests.

The variation of wave drag with Mach number for the moment-of-area
rule configurations, the basic wing-body combinations, and the basic body
alone 1s shown in figure 6. Wave drag was obtained by subitracting the
friction drag from the total foredrag. In computing the friction drags,
it was asssumed that at a Mach number of 0.6 the measured drag was entirely
due to skin frictian and that the variation of friction dreg with Mach
number was that glven by reference 6 for a turbulent boundary layer. As
in the case for the total drag, the moment-of-area~-rule modifications
resulted in lower wave-drag coefficlents for all three plan forms at
transonic speeds with the largest reduction beilng obtained with the
unswept-~wing configuration. It should be noted that slince both the
moment-of-area rule and the transonic area rule result In the same dis-
tribution of cross-sectional area, both rules should give the same wave
drag at Mach number 1.0, providing the aspect ratio, wing thickness, and
plan form are such that the transonic.,aree rule 1s appllecsble., It is
shown 1n references 7 dand 8 that for the transonic area rule to be appli-
cable the value of the parameter AT/2 should be less than 1.0 for
rectangular wings and less than 1.3 for triangular wings. The three
wings of the present investigation have a value of ATY/3 of 0.93. It
may be reasoned thalt area-rule body inderitations for higher aspect-ratio
wings would lose their effectiveness because the indentations are so far
removed from the outer portions of the wing. A moment-of-area-myile
design, on the other hand, has indentetions in the wing pods as well as
in the body and the distances between the indentations and the wing
extremities are thus not as great. Experimental evidence of this advantage

..,
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of the moment-of-area rule is shown in reference 4 where lower drsg was
obtained for a supersonic-area-rule design (AT1/3 = 1.08) by indenting
the engine nacelles as well as the body.

Another menner of presenting the wave-drag data, as recommended in
reference 1, 1s shown in figure 7 in which incrementel wave-drag coeffi-
cients for the moment-of-areca-rule and the basic wing-body configurations
were obtained by subtracting the wave drag of the basic body from that of
the complete configurations. -In contrast to the increases in incremental
wave drag displayed (fig. 7) at the higher test Mach numbers by the moment-
of-area-rule configurations with unswept, sweptback, and trisngular plan-
form wings of aspect ratio 3, the resulis of reference 1 show that a
moment-of-area~rule configurstion with sn elliptic plan-form wing of
aspect ratio 2 had lower incremental wave drag at all Mach numbers up to
1.k, It can be esteblished from the theory of reference 1 that because
of the increased aspect ratic of the test wings it would be more equitable
to compare the effects of the moment-of-areas-rule modifications on &
reduced. aspect ratic basis. In figure 8, the reduction in incremental
wave drag (in percent of the maximum possible reduction) predicted by the
moment-of-area rule is plotted versus BA For the three plan forms of
this investigation as well as for the aspect-ratio-2 elliptic plan-form
wing of reference 1. These percentages sre subject to a maxlmum error
of *6 percent because of the inaccuracies in measuring total drag. It
may be seen from figure 8, that at the higher values of BA the elliptic
plan-form wing of reference 1 would probsbly have had an increase in
incremental wave drag as do the three plan forms of this investigation.
Although it would appear from figure 8 that the moment-of-area rule is
not effective at the higher values of PBA, it should be remembered that
these data represent moment-of-ares-rule designs for which the distribu-
tions of only the area and the second moment of area were made an opbimum.
The theory of reference 1 indicates that drag reductions can be extended
to higher values of BA by teking into account the higher order moments
of area. In order to account for these higher order moments, it 1s neces-
sary to mske use of a greater mumber of auxiliary pods.

Effect of Missile Installsastions

The second phase of this investigetion was concerned with the
utilization of the moment-of~srea-rule wing pods as supports for carrying
four air-to-asir type missiles. The total drag coefficients for these
configurations are shown in figure 9. For comparison, the drag coeffi-
cients of the conventional under-the-wing missile installations and the
moment-of-area-rule missile installations which were reported in refer-
ence 3 are also shown. Although the configurations of reference 3
utilized the seme basic wings, bodies, and missiles as the present inves-
tigation, the moment-of-area-rule configurations d&iffered in several ways
which would affect their relative drag levels. The moment-of-area-rule

-
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configurations of reference 3 had more optimum distributions of the second
moment of area because the missiles were Included 1n the design. On the
other hand, the moment-of-area-rule configurations of reference 3 had
greater total volume because gloves were added to the sides of the bodies
to obtain smooth distributlions of area instead of indenting the bodies
symmetrically as was done for the present tests. Figure 9 shows that for
81l three plan forms the drag of the presént moment-of-ares-rule configu-
ratlons with missiles was less than the drag of either the conventionsal
missgile installation or the moment-of-area-rule missile installation of
reference 3.

Flgure 10 shows the wave drags of the configurations discussed
above. It may be seen that the present moment-of-ares-rule configurations
wlth missiles not only hed less wave drag than the other configurations
with missiles but elso had less wave drag than the basic wing-body combi-
nation without missiles over part of the transonic speed range. It should
be pointed out that the reductions shown would be considerebly less if
the comparisons were made with transonic ares-rule configurations Instead
of the unmodified wing-body comblnations, -

For most conventional missile installations, the additional wave
drag due to the addition of the misslles is much greater than would be
indicated by the wave drag of en isolated missile. These large installa-
tion draege are caused by the detrimental Interference effects between the
missiles themselves and between the missiles and other components of the
configuration. The instellation wave drags for the configurations of this
investigation and those of reference 3 are shown in figure 11. For com-
parison, a curve representing four times the wave drag of an isolated
missile is also shown. It msy be seen that the imstallation wave drags
for the moment-of-area-rule configurations of the present investigatlon
were generally less than the wave drag of four isclated missiles; whereas,
for the conventional type of installation, the drag due to the addition
of the nmissiles was spproximately twice that of four isoclated misesilles.
These results indlcate that the interference effect was favorable when
the missiles were carried on the moment-of-area-rule pods and unfavorsble
when the missiles were carried in the conventional manner.

From the foregolng results on the missile Instsllation phase of this
investligation, it is apparent that the configurations with moment-of-area-
rule pods offer an advantageous means of carrylng air-to-gir type missiles
since such configurations had relatively low drag with or without the
missiles in place.

CONCLUDING REMARKS

The effectiveness of the moment-of-area rule when applied to wing-
body combinations with unswept, sweptback, snd trisngular plan-form wings

RN
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of aspect ratio 3 has béen demonstrated by the results of this Investiga-
tion. Although the zero-1lift drag wes reduced a greater amount for the
configuration with the unswept wing than it was for the conflguratlons
with sweptback or triangular wings, on g percentage basis all three plan
forms hed approximstely 15 percent less total drag than the corresponding
unmodified configuration at & Mach number of 1.0. However, at subsonic
speeds and at the higher supersonic speeds the modifications resulted in
drag penalties. : :

The results of the tests with four air-to-alr type missiles mounted
on the pods of the moment-of-area-rule configurations indicste that the
pods provided an attractive means of carrying external stores of this
type. The moment-of-areas-rule models had relatively low drag either with
or without the missiles installed. The additional wave drag due to the
addition of four missiles to these configurations was in most cases less
than four times the drag of an isolsted missile; whereas, for the con-
ventional under-the-wing type of installation, the drag due to the addition
of the missiles was approximately twice that of four 1lsolated missiles.

Ames Aeronsutical Lsboratory
National Advisory Committee for Aeronsutics
Moffett Field, Calif., Jan. 31, 1958
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TABLE I.- BODY COORDINATES

Body Body fius ’
i statlon, With unswept | With swept- | With Trisnga-
in. Basic wing back wing lsr wing
o} 0 o} 0 0
5 .139 b2 Jh2 b2
1.0 .230 .235 .235 .235
1.5 «305 «313 «313 .313
2.0 371 .380 .380 .380
2.5 427 Lo Ao 4o
3.0 8L 493 k93 k93
3.5 <527 .5kl Skl 5k
k.0 <570 .585 .585 585
4,5 607 J61L 625 625
5.0 bhe 627 .658 660
5.5 71 .636 .689 «690
6.0 .699 642 716 .TL6
) 6.5 .T2L 648 <740 oThL
T.0 . Thl .652 « 754 . 758
) Ts5 <157 .602 .738 « 750
8.0 .TTL .580 713 . 730
8.5 . T80 585 .688 . 709
9.0 .788 597 66T 691
9.5 792 615 654 675
10.0 < Toh 640 <650 665
10.5 «T9L .668 .658 666
11.0 .786 . 702 675 .670
11.5 .T78 .723 .699 .680
12.0 LT6T . T30 707 «690
12.5 «T53 T35 .695 692
13.0 «T35 <137 675 .681
13.5 .1k . 730 657 667
1k.0 6390 707 L6l 652
1k.5 .663 .678 .630 .636
15.0 .632 LE4T 616 617
. 15.5 597 612 «597 595
15.64% 585 601 591 +5%0

- s,
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TABLE II.- POD COORDINATES

Pod. Pod radius,
station ,l in,
in. With unswept | With swept~ | With triangu-
wing back wing lar wing
-4,80 0 —-— ———
-4 .73 -— 0 ———
-4,68 -— ~—— 0
-4,50 . 065 LOhT7 .030
-k, 00 .129 .100 .083
-3.50 177 .1k W11k
-3.00 .216 156 .132
-2.50 2hT 166 .10
-2.00 272 170 145
-1.50 .280 170 o1k
-1.00 .228 .160 .129
-.50 125 122 . 094
0 .Ok6 .038 .0ko
.50 .136 120 .078
1.00 «207 .184 148
1.50 .258 221 .232
2.00 267 .232 <217
2.50 .248 211 196
3.00 - 217 .184 .169
3.50 .178 «150 .135
k.00 .129 .105 094
4,50 .065 ob7 .034
4,68 -— —— o
h,73 -—- 0 -—
b .80 0 —-—— -—

Measured from midpoint of pod.
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Basic moﬂel
— — — Moment - of - area~rule modifications

Leading-edge sweep 45°
Airfoil section NACA 0003
Wing orea - 38.88B gq.in.

( Dimensions in inches except as noted)
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(b) Sweptback wing.

Flgare 1.~ Continued,
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40 ) . )
Basic configuration
o (wing + body)
. 32F
o Moment - of - area - rule
o configuration ( wing +
o body + pods)
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(724
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12r

Moment - of -area -rule
(wing + pods) Basic wing

)
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1

Second moment of area, in?
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Body station, inches

(a) Unswept wing.

Figure 2.- Longitudinel distributions of aree and second moment of area
for the basic and moment-of-area-rule configurations.
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(b) Sweptback wing.

Figure 2.- Continued.
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Basic configuration
(wing + body)

Moment ~of -area -rulé
configuration {wing +
body + pods)
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Figure 4.- Longitudinal distributions of area and second moment of area
for the moment-of-area-rule configurations with missiles.



NACA RM AS8A31 .,

40~
.E. 32 =
8..
G
__ 24F
(=)
S
B B
8 1.6
1
w0
g sl
S
I 1 1 | ] ] 1 ]
0 2 4 6 8 10 12 4 6 20
Body station, inches
(ofy
€
- 8 -
(=
4 Missiles
(o]
B Missil ;
"'6 6 1SSiies
5
£ 4
Q
£
2 2
[«]
]
0
] ] L I ] 1 3 ]
0 2 4 6 8 10 2 14 16 20

Body station, inches

(b) Sweptback wing.

Figure L4.- Continued.

oON,



Cross - sectional areq, in?

<« NACA RM A58A31

Second moment of area, in?

Missiles R iy T -
Missiles
1 1 1 1 l | ! / ]
2 4 6 8 10 2 14 6 20
Body stafion, inches
il I —J
2 4 20
Body station, inches
(¢) Triangular wing.
Figure 4.- Concluded.



NACA RM AS58a31 <l 23
03 I —

02 c =

N T
©! — I e

8 9 10 1.l 1.2 1.3 14 1.5
Mach number, M

{a) Unswept wing

03 I T 1
02 — AN By
%m:(m_(_ )——-\()"—
Cp o S w——— ——
Ot L] EHHJDT}—ﬂI<4}—{k—4F—4F
[ 117 T~
0 () N4 8 9 10 Il L2 1.3 4 15
Mach number, M
(b) Sweptback wing
03 I — T 1
02 _1‘\ \\ I [ |
c ) O Nt )——CL-“cg
o o— ) boo
.0l
o e
0] 6 N 8 9 10 1.1 12 13 14 15

Mach number, M
(c) Triangular wing

Figure 5.~ Variation of zero-1ift drag with Mach number for the basic
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rule configurations.
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